Abstract. Gastric cancer is the fourth most commonly diagnosed malignancy and the second leading cause of cancer-related mortality worldwide. Recent research suggests that tissue stem cells and the self renewal transcription factor, octamer-binding transcription factor 4 (Oct4), could be involved in the development of certain tumors. The aim of this study was to investigate the expression pattern of Oct4 in normal human stomach and during multistep gastric carcinogenesis. Pyloric antral mucosal tissues were obtained from consenting individuals undergoing endoscopy (due to upper gastrointestinal symptoms) and gastrectomy (due to pyloric antral adenocarcinoma). Some tissue samples were processed to assemble an array of tissue sections representing multistep carcinogenesis and probed using anti-Oct4 antibodies and lectins specific for α-L-fucose or N-acetyl-D-glucosamine. Some tissue samples were processed for subcellular fractionation and western blot analysis using the same antibodies. The results revealed that Oct4-expressing cells were found in the proliferative cell compartment of the pit-gland units of microscopically normal gastric mucosal biopsies. Mucosal tissues with evidence of severe gastritis, metaplastic/dysplastic transformation and gastric cancer showed a significant increase in the expression of Oct4 (the labeled area increased from 2% in the control to 6 and 16% in the gastritis and cancerous tissues, respectively), suggesting a role for Oct4 in the early stages of cancer development. Furthermore, the data revealed an alteration in the subcellular distribution of Oct4, possibly due to the inhibition of cytoplasm-to-nucleus translocation during carcinogenesis. In conclusion, this study demonstrates an alteration in the expression pattern and nuclear translocation of Oct4 during gastric carcinogenesis and may be helpful in designing new modalities for the early detection and/or therapy of gastric cancer.
Introduction
Although the incidence and mortality rates attributable to gastric cancer have recently been declining, it remains the fourth most common cancer and the second leading cause of cancerrelated mortality worldwide (1) . Data from the National Cancer Registry at Tawam Hospital and the Center of Arab Genomic Studies in the United Arab Emirates have shown that gastric cancer is more common than previously believed and that there is an increasing trend in its incidence locally. A greater understanding of gastric carcinogenesis may lead to the design of new modalities for its early detection and prevention (2) .
The majority of gastric neoplasms (95%) are adenocarcinomas which develop more commonly in the pyloric antrum and are usually of the differentiated intestinal type (3) . The pathogenesis of intestinal adenocarcinoma has not yet been fully elucidated. It is usually associated with Helicobacter pylori (H. pylori) infection and is preceded by prolonged pre-cancerous changes which progress through a number of sequential steps: superficial mild gastritis, atrophic gastritis, intestinal metaplasia, dysplasia and finally, invasive carcinoma (4). In addition, previous studies using animal models demonstrating the early stages of gastric cancer development have suggested a role for local (gastric) or distant (bone marrow) stem/progenitor cells in carcinogenesis (5, 6) .
Limited data are available concerning pyloric antral stem/ progenitor cells in humans and rodents. Previous studies aimed at identifying these cells, analyzing their dynamics and following their fate in mice, have demonstrated their location at the pit-gland junction (isthmus region; Fig. 1 ) of the epithelial units and their differentiation pathways with a bidirectional migration mode (7, 8) . However, a recent functional genetic analysis demonstrated the presence of a pluripotent stem cell, not in the isthmus, but at the bottom of the antral glands, which is capable of populating the whole epithelium of the pit-gland unit, implying a unidirectional mode of migration (9) .
Upregulation and inhibition of the nuclear translocation of Oct4 during multistep gastric carcinogenesis
Regardless of their location and direction of migration of their progeny, it is not yet known whether these stem/progenitor cells play a role in the development of gastric cancer in humans. Experimental studies in mice have recently provided growing evidence suggesting that gastric epithelial stem/progenitor cells are involved in carcinogenesis (6) . For example, a deficiency in trefoil factor 1, known to control the commitment program of gastric progenitors (10) , has been associated with the gradual amplification of these progenitors leading to the development of gastric adenoma and carcinoma (11) . Recently, in a previous study, we examined gastric biopsies showing mild-to-severe chronic gastritis, as well as gastric cancer tissues obtained from the safe resection margin and tumor edge, and we observed an amplification of gastric epithelial progenitors in pre-cancerous tissues (12) . These data support the long-standing postulate that cancer arises from mutated adult stem cells (13, 14) .
A number of molecules are involved in the signaling pathways for maintaining the proliferation and differentiation of normal gastrointestinal stem cells (15) . The octamer-binding transcription factor 4 (Oct4) is a transcription factor which belongs to the POU family of proteins and binds octamer DNA motifs in the promoters of several genes to regulate the pluripotency of embryonic stem cells (16) . Further studies have shown that Oct4 expression is not restricted to the embryonic stem cells (17) (18) (19) (20) .
The ectopic expression of Oct4 in mice inhibits the differentiation of progenitor cells and promotes epithelial dysplasia, suggesting a role for Oct4 in tumor induction (21) . Indeed, the expression of Oct4 has been demonstrated in tumors of various origin (22) (23) (24) (25) . Oct4 is also expressed in a number of cell lines established from tumors of the cervix, colon, liver, mammary gland and pancreas (20) . The expression of the Oct4 gene in embryonic stem cells, tissue stem cells, and a tumor arising in these tissues, suggests a critical role for Oct4 in maintaining not only the pluripotency of embryonic stem cells, but also the homeostasis of somatic stem cells, as well as the possible role of these cells in the tumorigenesis and tumorigenenicity of cancer.
This study was conducted to determine whether Oct4 is expressed in the microscopically normal antrum of the human stomach and, consequently, to examine whether there is an alteration in the expression pattern of Oct4 during the multistep process of gastric carcinogenesis.
Materials and methods
The design and protocols of this study were approved by the Ethics Committees for Research on Human Subjects in the Faculty of Medicine and Health Sciences, UAE University, Al-Ain, United Arab Emirates.
Human tissues. In the present study, gastric mucosal tissues were obtained from the pyloric antrum of patients at Tawam Hospital undergoing endoscopy (n=89) for the investigation of recurrent upper gastrointestinal symptoms, or gastrectomy (n=3) for adenocarcinoma. All patients gave written informed consent prior to the study. The patients were of both genders and aged 20-90 years. Following the endoscopic or surgical procedures, biopsies or cancer tissues (taken from 3 regions: tumor center, tumor edge and from the safe resection margin) were immediately processed for immunohistochemistry and protein analyses.
Immunohistochemical studies. Tissues with the dimension of approximately 3x3 mm (biopsy) or 10x5 mm (cancer) were immediately immersed overnight in Bouin's solution and then processed for paraffin embedding. Tissue sections were stained with hematoxylin and periodic acid Schiff (PAS) and examined with an Olympus microscope. To categorize gastric mucosal biopsies, the updated Sydney system was utilized (26) . Some tissue sections of biopsies representing normal mucosa, as well as mild and severe gastritis were mounted on the same slide along with the cancerous tissues from the safe margin, tumor edge and tumor center.
The tissue sections were deparaffinized, rehydrated and washed in phosphate-buffered saline (PBS). To inhibit endogenous peroxidase activity, the sections were incubated in 3% hydrogen peroxide in methanol for 1 h. To ensure equal conditions on all biopsy and cancer tissue sections mounted on the same slide, they were circled with a hydrophobic film using a PAP pen (Dako, Glostrup, Denmark). To block non-specific binding, the sections were incubated in 1% bovine serum albumin (BSA) containing 0.5% Tween-20 in PBS for 45 min. The sections were then incubated overnight at 4˚C with wellcharacterized goat polyclonal or mouse monoclonal anti-Oct4 antibodies (Santa Cruz Biotechnology, Inc.; final dilution, 1:50). Following the PBS wash, the tissue sections were incubated with biotinylated donkey anti-goat or anti-mouse immunoglobulin G (1:100; Jackson ImmunoResearch) for 1 h. Tissue sections were washed in PBS and then incubated in extravidin/peroxidase conjugate (1:500; Sigma, St. Louis, MO, USA) for 1 h. The antigen-antibody binding sites were revealed by using 3,3'-diaminobenzidine tetrahydrochloride (DAB; Sigma).
Some slides with biopsy and cancer tissue sections were processed for double fluorescent labeling using anti-Oct4 anti- bodies and lectins. In these cases, the secondary antibody was biotinylated donkey anti-goat or anti-mouse immunoglobulin G. Antigen-antibody binding sites were visualized using avidin conjugated to fluorescein isothiocyanate (FITC) or rhodamine. After washing with PBS, the tissue sections were incubated with fucose-specific Ulex europaeus agglutinin I (UEA) or N-acetyl-D-glucosamine-specific Griffonia simplicifolia II (GSII) lectins conjugated to FITC or rhodamine. The tissue sections were finally washed with PBS and mounted. Negative control slides were prepared in parallel by either omitting the primary antibody, or by replacing it with normal serum or by pre-incubating the primary antibody with the blocking peptide (Oct4).
Quantification of Oct4 expression. Two methods were used to provide a numerical assessment of the Oct4 expression in immunoperoxidase-labeled tissue sections. These were as follows:
i) Manually using the x40 magnification of the light microscope, cells were categorized according to the intensity of immunostaining. At least 3 glands with the best longitudinal orientation were examined in each tissue section of biopsies and cancerous tissues. A score of 3 was given for the most intensely brown-stained cells, intermediate brown staining was given a score of 2 and a score of 1 was given for light brown staining. Unstained cells were given a 0 score. The number of labeled cells was multiplied by the corresponding score. To estimate the average level of Oct4 expression, the total score of the 3 glands was divided by the total number of cells examined. This was termed the 'expression score' and expressed as the mean ± SEM value. The means of Oct4 expression scores were compared by using the ANOVA test and Tukey's post hoc test (PASW statistics 18). P<0.05 was considered to indicate statistically significant differences.
ii) To automate the quantification, a computerized method was used to estimate the area of immunolabeled cells per image. This digitalized approach also provides another parameter for quantification of Oct4 expression and speeds up the task of sample examination by several orders of magnitude. The Matlab (Matlab; http://www.mathworks.com/products/ matlab/) image processing library was used for manipulating micrographs of different stomach tissue samples. The following steps for identification and measurement of the labeled areas were applied: a) Image resizing: pixel sizes for the images were reduced and unified. b) Artifact removal: some images included small but varying-size dark spots. The pixels below an (empirically determined) intensity level were replaced by pixels representing the average intensity of the image. c) Color intensity enhancement by using the Matlab imadjust function (MathWorks: Documentation, Image Processing Toolbox imresize; http://www.mathworks.com/access/helpdesk/help/ toolbox/images/imresize.html). Application of this function made the images sharper and removed background colors. d) Identification of the Oct4-labeled area by performing red-green-blue color separation and then using different 'threshold' values to identify the 'brown' areas of the images. The percentage of the area labeled by Oct4 was finally determined and expressed as a mean ± SEM value. The means of Oct4 labeled areas were compared using the ANOVA test and Tukey's post hoc test. P<0.05 was considered to indicate statistically significant differences.
Protein extraction and western blot analysis. Frozen tissue samples from biopsies and the 3 regions of gastric cancer were homogenized and lysed using the CelLytic™ NuCLEAR™ extraction kit (Sigma). Briefly, sample tissues were rinsed in cold PBS and then homogenized in ice-cold hypotonic lysis buffer (10 mM HEPES, pH 7.9, with 1.5 mM MgCl 2 and 10 mM KCl) containing 0.1 M DTT and protease inhibitor cocktail made of 4-(2-aminoethyl) benzenesulfonyl fluride (AEBSF), pepstatin A, bestatin, leupeptin, aprotinin, and transepoxysuccinyl-L-leucylamido (4-guanidino)-butane. The crude homogenates were centrifuged for 20 min at 11,000 x g at 4˚C. The supernatant represented the cytoplasmic fraction. The remaining pellet was re-suspended in an extraction buffer (20 mM HEPES, pH 7.9, with 1.5 mM MgCl 2 , 0.42 M NaCl, 0.2 mM EDTA, 0.1 M DTT and 25% glycerol) containing protease inhibitor cocktail for 30 min at 4˚C. To collect the nuclear fractions, the homogenates were centrifuged for 5 min at 21,000 x g at 4˚C. Cytoplasmic and nuclear fractions of each of the tissue samples were processed for protein estimation using the BioRad assay kit (BioRad Laboratories, Hercules, CA, USA) and the DU-700 spectrophotometer (Beckman).
Equal amounts of protein (5 or 20 µg) of extracted tissue samples were mixed with 5X Laemmli buffer (60 mM Tris-HCl, pH 6.8, 2% SDS, 10% glycerol, 5% β-mercaptoethanol, and 0.01% bromophenol blue) and separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) using 10% acrylamide at 150 V for 90 min. Protein gels were subsequently transblotted on to nitrocellulose membranes (Schleicher & Schuell BioScience, Dassel, Germany) at 90 V for 120 min. Non-specific binding was blocked by 5% non-fat dry milk in PBS for 1 h. The membranes were then washed with PBS containing 0.1% Tween-20 (PBST). Subsequently, the membranes were probed overnight at 4˚C with mouse monoclonal Oct4 (Santa Cruz Biotechnology, Santa Cruz, CA, USA) diluted to 1:500 in PBST and 5% milk. Following the PBST wash, the blots were incubated with horseradish peroxidase-conjugated goat antimouse immunoglobulin G (Jackson ImmunoResearch) diluted 1:10,000 in PBST for 2 h. Immunoreactive proteins in the blots were detected using SuperSignal West Pico chemiluminescent substrate on CL-Xposure Film (Thermo Scientific, Barrington, IL, USA.). To control equal loading of proteins in the different lanes, the blots were probed with mouse monoclonal anti-β-actin antibody (Santa Cruz).
Results
Morphological analysis of the pyloric antral tissues obtained from the mucosal biopsies and from the 3 regions of the resected cancerous stomachs revealed progressive epithelial changes, as previously described (12) . While some antral mucosal biopsies appeared normal, others were infiltrated with variable numbers of lymphocytes and plasma cells with evidence of mild or severe gastritis. The latter was commonly associated with atrophic changes in the gastric glands and occasionally showed evidence of metaplasia or even dysplasia. The safe resection margin was determined by cancerous tissues that were hyperplastic and were also associated with metaplastic and dysplastic changes. Tissues from the both tumor edge and center were characterized by a massive increase in mucosal thickness and invasive cancer cells. These series of antral mucosal tissues with progressive alterations provided material to investigate the expression pattern of Oct4 in the normal pyloric antrum and during multistep carcinogenesis.
Immunohistochemical localization of Oct4 in normal gastric mucosa. In the tissue sections of normal antral biopsies processed for immunofluorescence histochemistry, Oct4 expression was detected in the basal (nuclear) portion of epithelial cells lining the lower gastric pits next to the gland junction ( Fig. 2A) . A decreasing gradient of Oct4 labeling toward the luminal surface and glandular bottom was noted. When the same section was also probed with UEA lectin which binds to fucose of pit mucous cell lineage, Oct4-labeled cells also became labeled with UEA. Image overlay showed the co-localization of Oct4 and UEA in the same cells, but in different portions; Oct4 was basal and UEA, apical (Fig. 2B) .
The localization of Oct4 in normal gastric mucosa was also demonstrated by using the immunoperoxidase technique. A similar pattern of labeling at the bottom of the gastric pits next to the gland junction was revealed (Fig. 2C) . Tissue sections were counterstained with PAS which stained mucus in the apical cytoplasm of Oct4-labeled cells.
Microscopic scoring and quantification of the mean Oct4 expression score in all the control biopsies examined (n=6) was 85±6.8 (Table I ). The percentages of Oct4 immunolabeled areas were calculated in binary images and found to have a mean value of 2.19±0.73 (Table II) .
Immunohistochemical localization of Oct4 in biopsies with
gastritis. The probing of gastric tissues obtained from patients with mild gastritis revealed a tendency of pronounced Oct4 immunolabeling in the mucus-producing cells in some biopsies. The area labeled with Oct4 was slightly wider than in the controls (Fig. 2D) . Counts revealed that in mild gastritis more cells expressed Oct4 compared to the control tissues. The estimated mean score of Oct4 expression in the biopsies examined with mild gastritis was 110±15.8 (Table I) . However, a comparison of the Oct4 expression scores in the control subjects with those seen in patients with mild gastritis showed no significant difference (P=0.32).
In the cases of severe gastritis, Oct4-immunolabeled cells were found along the gastric pits and even at the luminal surface. Moreover, a few Oct4-labeled cells were seen scattered deep in the gastric glands ( Fig. 2E and F) . Since GSII lectin bound to The differences in octamer-binding transcription factor 4 (Oct4) expression scores were compared using analysis of variance (ANOVA).
the gland mucous cells deep in the gastric mucosa (Fig. 3A) , the question arose as to whether the Oct4-labeled cells deep in the gland were indeed some of those that also bound to GSII. Double labeling of tissue sections with the antibody and lectin revealed the co-localization of Oct4 in some GSII-labeled gland mucous cells (Fig. 3B) . Measurements showed that the expression score of Oct4 in tissues with severe gastritis (130±9.7) was significantly increased when compared to the control patients (P=0.02). There was, however, no significant difference between the Oct4 expression scores comparing mild with severe gastritis (Table I) . When the mean Oct4-labeled percentage areas were estimated for all gastritis specimens, they were found to be significantly different from those of the control patients (P=0.009; Table II) .
Immunohistochemical localization of Oct4 in gastric cancer tissues. Since the morphological features of gastric cancer tissues obtained from the 3 sites (safe margin, tumor edge and tumor center) were different, the immunolocalization of Oct4 was examined in each of these sites separately. At the safe (resection) margin of cancerous tissues (an area of the gastric mucosa which is several centimeters away from the tumor), areas of intestinal metaplasia were common. In a tissue section of the safe margin, Oct4 expression was seen along the walls of the pits and also in the scattered metaplastic goblet cells and their associated absorptive cells (Fig. 4A) . Mucus-secreting cells at the luminal surface were also immunolabeled with anti-Oct4 antibody. In this tissue, mucus not only in pit cells, but also in goblet cells was labeled with UEA lectin (Fig. 4B) .
In the dysplastic areas of the safe margin tissues, there was intensified Oct4 expression (Fig. 4C) . Double immunofluorescence labeling using anti-Oct4 and UEA lectin confirmed the presence of Oct4 and fucose in the dysplastic mucus-secreting cells (Fig. 4D ).
In the safe margin, measurements revealed that the Oct4 expression score was 129±16.6 (Table I) . This value was not significantly different from that obtained from the tissues of the control biopsies and from mild or severe gastritis tissues (P=0.096, 0.861 and 0.999, respectively).
At the tumor edge, Oct4 expression was associated with the mucus-secreting PAS-and UEA-labeled cells located along the hyperplastic pits and the luminal surface (Fig. 4E) . In addition, a large number of labeled cells was found deep in the gastric glands. UEA binding was less extensive than in the control or gastritis tissues. The lectin labeling of pit cells tended to be mainly at the supranuclear Golgi area (Fig. 4F) . Measurements of Oct4 labeling in the tumor edge revealed that the mean expression score was 149±18.3. This value was significantly different from the score of the control tissues, P=0.049 (Table I) .
Since the morphological features of the tumor center were variable, this also showed an inconsistent Oct4 expression profile. Tissue sections with evidence of necrosis and loss of surface epithelium did not reveal Oct4-labeled cells. Tissue sections with intact surface epithelium and many groups of invasive cancer cells showed Oct4 expression on the surface cells which were also positive for PAS or UEA staining. Tissue sections with an intact luminal surface and many glandular profiles showed massive labeling with PAS or UEA in the cells ( Fig. 4G and H) .
Measurements of Oct4 expression in the tumor center areas without necrotic tissues revealed the highest score (163.5±23.4) which was significantly different from that of the control tissues (P=0.015; Table I ). When the percentage of Oct4-labeled areas was estimated in the tissue sections obtained from all 3 tumor areas, these revealed a mean value (16.13), which was significantly different when compared with the control (P≤0.001) and all gastritis tissues (P=0.013), as shown in Table II .
Western blot analysis of Oct4 expression in gastric mucosal biopsies and cancerous tissues.
To confirm the immunohistochemical localization of Oct4 in control gastric mucosal biopsies and the changes observed during the development of gastritis and gastric cancer, some biopsies (n=6) and cancerous tissues (n=3) were frozen and then processed for western blot analysis.
The specificity of the anti-Oct4 antibody was first examined by using 2 different control tissue extracts believed to be adequate sources of gastric stem/progenitor cells and, hence, rich in Oct4 protein. The first positive control was the gastric mucosal tissue of a newborn mouse which was already shown to have plenty of stem/progenitor cells (27) . For comparison, an extract of adult mouse gastric mucosa was also used. When equal amounts of proteins of the newborn and adult gastric mucosal homogenates were loaded for SDS-PAGE, transferred onto a nitrocellulose membrane and subsequently incubated with anti-Oct4 antibody, a protein band was detected for each of the adult and neonatal extracts at approximately 45 kDa (Fig. 5A) . As expected, the band intensity (reflecting the amount of protein present) was much higher in the neonatal than the adult protein extracts.
The second positive control was an epithelial cell line which was previously shown to be representative of gastric stem/progenitor cells (28) . This cell line was found to express The differences in octamer-binding transcription factor 4 (Oct4) expression scores were compared using analysis of variance (ANOVA). stem cell-specific genes (e.g., Notch3 and DcamKl1). A frozen aliquot of this cell line was allowed to thaw and then plated in a culture flask. When 2 different passages of these cells became semi-confluent, they were processed for protein extraction and then separation on a SDS-polyacrylamide gel. Western blot analysis using anti-Oct4 antibodies revealed a single protein band separated at 45 kDa, the expected molecular weight of Oct4 (Fig. 5A ). The identity of this band was confirmed by pre-incubating the primary antibody with the Oct4 peptide; the band did not develop. For the human antral tissue samples, to determine whether Oct4 was upregulated in cancerous tissue, the crude homogenates of a control biopsy and tumor tissue (containing equal amounts of proteins) were initially probed for Oct4. The results demonstrated the upregulation of Oct4 expression in cancerous tissue (Fig. 5B) .
Since Oct4 has more than one isoform with debatable subcellular distribution (29) (30) (31) , it was also essential to clarify its localization using different subcellular fractions. The crude homogenates of human gastric mucosal tissues were processed using the Thermo Scientific Subcellular Protein Fractionation kit. The following subcellular protein fractions were obtained: cytoplasmic, membrane, soluble nuclear, chromatin-bound and cytoskeletal. Equal quantities of proteins from the fractions were loaded on a SDS gel for separation and subsequent transfer to nitrocellulose membranes. Probing with anti-Oct4 antibody revealed that both the cytoplasmic and nuclear fractions were rich in Oct4.
To confirm these findings, another subcellular fractionation protocol was applied using the Sigma CelLytic NuCLEAR extraction kit which has another advantage over the Thermo Scientific protocol. The Sigma procedure is suitable for analysis of small biopsy samples. The homogenized tumor tissues and control biopsies were processed to obtain 2 protein fractions, nuclear and cytoplasmic.
Fractions of the control biopsies were first processed in parallel with those of the cancerous tissues. The results showed an increase in the amount of Oct4 protein in the cancerous tissues as demonstrated in Fig. 5B . The nuclear and cytoplasmic fractions of the control and the cancerous tissues (safe margin, tumor edge and tumor center) were processed separately for western blot analysis using monoclonal antiOct4 antibody. The results revealed a surprising distribution and alteration in Oct4 expression in the various fractions of cancerous tissues. While in the control tissue, the majority of Oct4 protein was localized in the nuclear fraction, the situation was reversed in the tumor tissues and the majority of Oct4 protein was identified in the cytoplasmic fractions (Fig. 5C) . These results suggest that cancer development is associated not only with the upregulation of Oct4 expression but also with its accumulation in the cytoplasm which could possibly be due to a block in its translocation to the nucleus.
Discussion
In the present study, the expression profiles of Oct4 were investigated in an array of human tissues composed of normal, pre-cancerous and cancerous antral mucosae by using both immunohistochemistry and western blot analysis. In addition, the subcellular localization of Oct4 was examined in different tissues using 2 fractionation protocols from Sigma and Thermo Scientific.
Expression of Oct4 protein.
Oct4 is a transcription factor which is prominently expressed in embryonic stem cells and adult stem/progenitor cells anchored in a number of tissues (16) (17) (18) (19) (20) . The expression of Oct4 is not only detected in embryonic/adult stem cells, but also in various cancerous tissues and cell lines (20, (22) (23) (24) (25) .
During stem cell differentiation, the expression of Oct4 is downregulated. The ectopic expression of Oct4 has been shown to inhibit the differentiation of progenitor cells and promote the dysplastic growth of the gastrointestinal tract and the skin of adult mice (21) .
Knowledge in the field of stem cell biology especially of transcription factors responsible for pluripotency, such as Oct4 is rapidly advancing. During the conduct of this study, a brief report was published by Chen et al on the expression of Oct4 in gastric cancer tissues and in biopsies with atrophic gastritis (32) . The authors found that Oct4 is upregulated in gastric cancer and not expressed in adjacent non-cancerous tissues. They further recommended the use of Oct4 as a biomarker for the diagnosis of gastric cancer. However, the authors demonstrated a single image of Oct4 immunohistochemical localization in non-cancerous gastric tissue which showed only a small part of the basal region of the gastric mucosa. The authors may have missed the luminal region of the mucosa which we found to be immunolabeled with anti-Oct4 antibody.
While Chen et al proposed the use of Oct4 as a possible biomarker for gastric cancer, their study did not provide an answer to a number of questions: i) Whether Oct4 is expressed in the normal human antrum, and if so, which cells along the pit-gland unit are involved in the production of Oct4. ii) Whether Oct4 expression is affected during the development of mild gastritis. iii) Clarification as to how this is related to severe gastritis and to H. pylori infection. iv) If Oct4 is upregulated in gastric cancer, it should be clarified whether there are any differences in its expression pattern between the safe (resection) margin, tumor edge and tumor center. v) In which part of the cell Oct4 is localized in normal tissues and during cancer development.
Oct4 is expressed in the proliferative zone of the antrum in normal human stomach. In order to answer the question as to whether or not Oct4 is expressed in the normal antrum of the human stomach, and if so, to identify the location of the cells responsible for its expression (isthmus or the bottom of the gland), tissue sections of normal 'control' biopsies were first examined. As it is not usually possible to find normal (healthy) volunteers for endoscopy, we examined biopsies from individuals with upper gastrointestinal symptoms, but with macroscopically normal gastric mucosa. When some of these biopsies were examined microscopically, they had features similar to those of normal control individuals. As regards H. pylori, many (n=15) of these control individuals tested negative, very few (n=2) tested positive and the remainder (n=8) were not tested.
In normal control antral mucosal biopsies, the expression of Oct4 was demonstrated by both immunoperoxidase and immunofluorescence techniques. Oct4 expression was found in the basal portion of PAS-positive cells lining the lower part of the gastric pits at the pit-gland junction (isthmus region). These double PAS-Oct4-positive cells also bind UEA lectin, and therefore, are fucose-rich. Furthermore, some of these Oct4 positive cells also express the proliferating cell nuclear antigen (PCNA) and are hence, proliferative ( Fig. 6A and B) . Thus, based on their location and proliferative potential, in the normal (control) human stomach, Oct4 is expressed in dividing mucus-producing pre-pit and differentiating pit cells located in the isthmus region of the pit-gland units.
It has been previously shown that in the mouse stomach, pre-pit cells and even differentiating pit cells maintain some capacity of self renewal which gradually decreases as the cells migrate up toward the luminal surface (7, 8) . In the pyloric antrum of the human stomach, the epithelial lining includes progenitor cells which contain some mucous granules and are capable of self-renewal. These progenitors act as committed stem cells and give rise to the mucus-secreting pit and gland cells (12) . It appears that Oct4 is required for the self-renewal of pre-pit cells and also to maintain some capacity of division in differentiating pit cells which gradually decreases with migration, as indicated by the decreasing gradient of Oct4 expression towards the luminal surface.
To quantify the expression of Oct4 in the tissue sections of normal human stomach, 2 methods were used: manual and computer-based. The former method provided an estimation of the expression score and the computerized images provided a rapid measurement of the percentage of labeled areas. These 2 parameters may be useful in providing complementary ways to investigate the expression of Oct4 in tissue sections.
In the present study, 4 of the control patients with microscopically normal gastric mucosa showed slightly different patterns of Oct4 expression. Oct4 was localized in both the lower and upper parts of the gastric pits. One possible explanation may be linked to the ingestion by these patients of iron or omeprazole which were found to induce histopathological changes in the gastric mucosa (33, 34) . Another less likely explanation is that Oct4 may be normally expressed in certain mature differentiated mucous cells in some individuals. These results are in agreement with those from previous studies which demonstrated Oct4 expression in fully differentiated peripheral blood mononuclear cells. This finding provides a new perspective challenging the use of Oct4 as a marker specific for stem cells (35) . Finally, it should be stated that in these microscopically normal individuals (n=17), we found only 2 H. pylori-positive cases and they did not reveal any alteration in the pattern of Oct4 expression when compared with the H. pylori-negative cases.
Oct4 expression is altered during the multistep process of gastric carcinogenesis. The development of gastritis was associated with the accumulation of lymphoid cells in the connective tissue between the pit-gland units. These cells were substantially increased in number with the development of severe gastritis and were associated with atrophy of some glands. Adjacent to these atrophied glands, the glandular profiles were lined with poorly differentiated mucous cells. It was therefore not surprising to find a significant increase in Oct4 immunolabeling in the biopsies with evidence of severe gastritis. Some scattered Oct4-labeled cells (possibly the poorly differentiated cells) were observed deep in the mucosa (Figs. 2F and 3B) . Thus, during chronic (severe) gastritis there is an enhancement of cell proliferation and pluripotency as evidenced by the upregulation of Oct4 immunolabeling. Quantification by the two different methods confirmed this observation (Tables I and II ).
An immunohistochemical analysis of the tissues obtained from the 3 locations of the resected gastric cancer tissues showed an upregulation of Oct4 expression. These findings confirm recently published data (32) . Quantifications of immunoprobed tissue sections confirmed these findings particularly when all the cancerous tissues were considered as one group and compared with the controls and the group with gastritis (Tables I and II) .
Subcellular localization of Oct4 in normal and cancerous tissues.
In the present study, we also attempted to provide an answer to the question regarding Oct4 intracellular localization; we aimed to identify whether Oct4 expression is nuclear or cytoplasmic. There has been some debate regarding this issue (29, 30, 36) . An attempt to examine the detailed immunolabeling of Oct4 in normal control mucosal biopsies showed its localization in the nuclei with little cytoplasmic immunostaining of UEA-labeled cells lining the lower part of the gastric pits ( Figs. 2A and 6C) . The UAE-and PAS-positive labeling of the apical cytoplasm of these cells indicated that they belong to the mucus-secreting pit cell lineage. Therefore, Oct4 is mostly localized in the nuclei of the mucus-secreting pre-pit cells and their immediate descendents, the differentiating pit cells.
Of note, the cancerous tissues did not only show overexpression and intensification of Oct4 immunostaining, but also showed an alteration in the subcellular localization of Oct4. Microscopic examination revealed that the Oct4 immunolabeling was mostly cytoplasmic (Figs. 6D and 7) . This observation was supported by subcellular fractionation and western blot analysis, wherein the majority of Oct4 was localized in the nuclear fraction of normal biopsies, but was mostly localized in the cytoplasmic fraction of cancerous tissues (Fig. 5C ). Although the mechanisms that regulate the expression of Oct4 are not yet well understood (37, 38) , mutation could possibly explain its accumulation in the cytoplasm during carcinogenesis with the inhibition of its translocation into the nucleus.
The data from the present study support the concept of 'cancer stem cells' and the theory of the stem cell origin of cancer (13, 14, 38, 39) . Self-renewing progenitor and differentiating cells expressing Oct4 may be the target for cancer initiation and progression, through the induction of symmetrical cell division. The data from the present study also support the view that Oct4 may represent a diagnostic biomarker for gastric cancer. However, further human oncology and mechanistic studies are recommended. Understanding the mechanism by which adult stem or progenitor cells initiate gastric carcinogenesis may well provide greater opportunities for cancer prevention and lead to more effective cancer treatment strategies. 
